Formability is a characteristic which determines fabric behavior during garment manufacturing and wear. It depends on fabric properties such as weave type, fabric density, warp and weft yarn twist, bending rigidity, and fabric tensile behavior, while tolerating small load values. It should be noted that this property changes with fabric direction and is not constant. In this research, fabric formability was investigated for worsted woven fabrics by evaluating this property in various fabric directions. It was concluded that fabric formability could be expressed as a Gaussian function of sample orientation in the warp direction. By studying several weave structures with different weft densities, the effect of firmness on fabric formability was clarified, which lead to better interpretation of fabric adaptability to the applied deformations.
INTRODUCTION
Fabric mechanical properties have important influence on fabric behavior during garment manufacturing and final product appearance. Fabric formability is a property which determines its behavior during sewing and its form during wear. Fabric formability as defined by Linberg et al. (1960) is the maximum value of fabric in-plane compression that can be tolerated before buckling [1] .
De Boos et al. (1996) tried to modify fabric formability through finishing process by increasing fabric extensibility. However, fabric bending rigidity which influences hand of fabric should remain constant [2] . Fan et al (1997) studied causes of fused parts' surface distortion in a garment, and their results show that rippling degree depends on differential shrinkage, fabric formability, extensibility, or compressibility of outer fabric and fusible interlining and bond strength [3] . Kim et al. (1998) examined suitability of nonwoven fusible interlining to thin worsted fabrics in the term of assembly formability. They found that using interlinings with high bending rigidity and low shear modulus improves fabric formability and garment appearance [4] . Giogio Minazio (1998) investigated appearance quality of men's suit jackets based on seam puckering and seam blowing. It was found that fabric formability affects seam pucker formation directly in a way that fabrics with less formability are prone severe seam puckering [5] . Wang et al. (2003) tried to modify tailorability of lightweight wool and wool-blend fabrics by increasing bending rigidity and formability through use of a commercial Synthappret BAP shrink proofing treatment [6] . Hui et al (2005) used artificial neural network in order to predict fabric sewing performance, and they used fabric content, weight, thickness, formability, and extensibility as input units to predict puckering, needle damage, distortion, and overfeeding [7] . Zhang et al. (2005) studied fabric softness experimentally by measuring the force needed to pull fabric through a series of parallel pins. The results show that pulling force is significantly correlated to fabric properties such as its bending rigidity, thickness, formability, and extensibility [8] . Behara et al. (2007) investigated total appearance value. It was concluded that formability is a prominent factor in garment appearance, which in turn depends on initial modulus, tenacity, extensibility, and bending rigidity of fabrics [9] . Alamdar- Yazdi et al. (2010) examined the effect of the yarn twist on the formability of a woven fabric. Their results present that utilizing warp and weft yarns with unidirectional twist leads to higher fabric formability. In addition, in this condition, if the total helix angle of warp and weft yarns is close to 90 degrees, highest fabric formability is expected [10] . Doustar et al. (2010) examined the influence of weave structure and fabric weft density on bagging of cotton woven fabrics. They concluded that fabric formability increased significantly by increment in weft density, however, bagging parameters decreased [11] . Kim et al. (2011) [12] .
In this study, we analyzed the influence of fabric parameters such as weave structure and fabric density on fabric formability. As it is important to study the trend of formability variation against fabric direction, the aim of this investigation was to measure and analyze fabric formability in order to develop a precise function of formability in the terms of fabric direction.
EXPERIMENTAL WORK Material
This study was carried out to discover detailed information about the formability of worsted woven fabrics in several directions of specimen. In this regard, eight various worsted woven fabrics with different weave structure and density were used. Fabric yarns in both warp and weft directions were 40/2 Nm comprised of 45/55 wool-polyester. The specifications of samples are shown in Table I .
Test Method
Fabric formability depends on fabric bending rigidity and extension in case of small load values [1] . In this regard, the formability can be calculated by Eq. (1) which is proposed in the FAST system. In order to calculate fabric formability, it is necessary to measure bending rigidity and extension by applying small forces specified by the FAST testing method. Since these properties are not similar in different directions, they are quantified along various angles of fabrics, which are 0, 10, 20, 30, 40, 45, 50, 60, 70, 80 and 90 degrees (Figure 1 ).
It should be noted that 0 and 90 degree means the warp and weft directions, respectively. It is apparent that 10 degree is used as degree interval. However, fabric properties are measured at 45 degrees as well, since this direction is an influential degree and kind of turning point in fabric properties. Fabric bending and extension values were obtained using five samples. A Shirley Stiffness Tester was used to find bending length and bending rigidity, according to ASTM D1388 standard test method. Fabric bending rigidity was calculated by Eq. 2.
Where: W : Fabric weight per unit area C : Bending length To analyze extension behavior of fabric, a tensile testing machine (Instron 5566) was used. Gauge length was set at 100mm, and pre-load equal to 20% of fabric weight was used to obtain more precise results.
Fabric extension at 5 g/cm and 20 g/cm was found in accordance to the FAST method, and fabric formability was calculated using Eq. (1). The results of fabric formability in each direction can be observed in Table II .
RESULTS AND DISCUSSION
As fabric is a non-isotropic material, its mechanical behavior is not similar in various directions. This means that fabric behavior during garment production and wear depends on fabric direction. In this part, it was attempted to detect a mathematical relation between fabric properties and fabric direction as an independent variable. http://www.jeffjournal.org Volume 10, Issue 2 -2015 Bending Rigidity Behavior in the Terms of Fabric Direction As was mentioned before, bending rigidity in each fabric direction is calculated based on fabric bending length. The results of bending rigidity in the term of fabric angle towards warp direction are shown in Figure 2 . It is obvious that bending rigidity of all samples has similar trend and it depends on fabric direction or angle towards warp direction following Eq. (3):
Where θ : Angle to warp direction According to Figure 2 , it can be claimed that variation of bending rigidity in the term of angle is kind of exponential function. By application of the curve-fitting toolbox of MATLAB software, it was found that bending rigidity alteration could be found from Eq. (4):
,.... The results of curve fitting for bending rigidity variation are shown in Figure 3 .
It was noticed that bending rigidity variation in all fabric samples, follow an exponential trend. In addition, a good correlation for bending rigidity values can be achieved. The values of constants are summarized in Table III . 
According to

Extension Behavior in the Terms of Fabric Direction
In order to assess fabric formability, its tensile behavior while bearing small magnitudes of load should be considered. According to Eq. (1), fabric extension in case of loads 5 and 20 g/cm was measured and their differences computed. Variation of extension difference in the term of fabric direction is gathered in Figure 4 . Figure 4 , it is clear that fabric tensile behavior or in other words, its extension differences under low loads, changes considering fabric orientation towards the warp direction (Eq. (5)). Although there are some defects on the experimental data which can be assigned to tests errors, it was interesting to declare that its trend is approximately symmetric around angle 45 degrees. This means that its variation possibly can be stated by the Gaussian distribution function which has a symmetric shape.
Based on
Where:
Ext : Extension differences under loading condition of 5 and 20g/cm.
The MATLAB curve-fitting toolbox was applied and it was found that variation of extension differences in the term of angle towards the warp direction could be stated by the Gaussian function with high correlation (Eq. (6)).
: Constant values depending on fabric properties
The results of the curve-fitting process for extension differences are shown in Figure 5 . Figure 5 , the results of the curve fitting process confirm that extension differences of fabric is a Gaussian function in the term of fabric direction. Moreover, when i=2, there is a good correlation between extension differences and fabric direction. The values of equation constants are gathered in Table IV . Table IV there is high correlation (more than 93%) between extension differences and curve fitting results. This reveals that fabric extension trend considering angle towards warp direction, follows Gaussian functions. 
As is clear in
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Formability Behavior in the Terms of Fabric Direction
As was mentioned earlier, fabric formability is calculated by Eq. (1) and its results are shown in Table II . Fabric formability values rely on extension differences during application of small load values,and bending rigidity, so based on Eq. (4) and Eq. (6), they demonstrate Gaussian and Exponential functions of fabric direction, respectively. Therefore, it was anticipated that fabric formability has the Gaussian or Exponential tendency. The results of fabric formability variation in each direction are shown in Figure 6 .
In Figure 6 , it is seen that fabric formability variation is close to Gaussian behavior which is approximately symmetric around 45 degrees (Eq. (7)).
By means of the Matlab curve-fitting toolbox, it was concluded that fabric formability could be expressed by the Gaussian function, which is in accordance with our expectation. Fabric formability function in terms of angle to warp direction is shown in Eq. (8) .
: Constant values, which depend on fabric properties
The outcome of curve fitting for fabric formability is provided in Figure 7 . It is shown in Figure 7 that formability of fabric in terms of fabric direction has a Gaussian tendency except for samples F1 and F7, which have some discontinuity in their shape which may be caused by test errors. Similarly, there is a good correlation between formability values and curve fitting results regarding fabric direction. Table V . Which reveals that fabric formability in each orientation towards the warp direction, pursue Gaussian functions. 
The values of equation constants are collected in
Fabric code Constants
CONCLUSION
Fabric as the main part of garments determines its behavior during manufacturing and wear and significantly affects garment aesthetic quality. According to the Linberg definition, fabric formability is the product of bending rigidity and tensile behavior. Since fabric is woven from warp and weft yarns, their interlacing points change from warp direction to weft direction and can affect its behavior. Because fabric is a non-isotropic material and due to its construction, mechanical properties like bending rigidity and tensile behavior vary in different directions. According to Eq. (4) and Eq. (6), it was found that these characteristics could be stated in term of sample angle (angle between warp direction and sample cutting direction). By substituting Eq. (4) and Eq. (6) in Eq. (1), fabric formability can be found from Eq. (9). Based on Eq. (10) it was found that multiplication of bending rigidity and tensile behavior under low loads, present a Gaussian function as it was stated before in Eq. (8) .
It was found that in all samples, fabric stiffness follows an Exponential function, while tensile behavior and formability pursue a Gaussian function and there is a turning point in fabric behavior at about the 45 degree direction. 
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